The utilization of cellulose in industrial applicat is of great significance to sustainable development of human society and reducing dependence on dwindling fossil resources. Nevertheless, this utilization of cellulose has actually been limited due to its insolubilization. Cellulose is a highly abundant biopolymer resource in nature with fascinating properties such as biodegradability, biocompatibility, non-toxicity, and so on 1-3 . The utilization of this resource in industrial applications is of great significance to sustainable development of human society and reducing dependence on dwindling fossil resources. Nevertheless, the extensive utilization of cellulose is actually warded off in that cellulose is extremely difficult to be dissolved owing to its enormous hydrogen bond network [4] [5] [6] [7] . As such, many efforts have been made to develop novel and efficient solvents of cellulose. The developed solvents include N-methylmorpholine-N-oxide, lithium chloride + N,N-dimethylacetamide, tetrabutyl ammonium fluoride + dimethyl sulfoxide, NaOH/ Thiourea, ionic liquids (ILs), and so on [8] [9] [10] [11] [12] [13] . Among the above solvents, the ILs receive increasing attention based on their unique properties such as negligible vapor pressure, non-flammability, high chemical and thermal stability, and strong dissolution ability for various organic and inorganic materials [14] [15] [16] [17] . The dissolution and processing of cellulose in ILs were firstly initiated by Rogers and coworkers in 2002. They found that 10 wt% of cellulose solubility in 1-butyl-3-methylimidazolim chloride could be obtained at 100 °C, and the cellulose solubility (25 wt%) was markedly improved via microwave heating 18 . Afterward, a number of anion/cation-functionalized ILs have been developed to reduce viscosity of ILs, improve dissolution capacity for cellulose or decrease cellulose dissolution temperature. 
Cellulose is a highly abundant biopolymer resource in nature with fascinating properties such as biodegradability, biocompatibility, non-toxicity, and so on [1] [2] [3] . The utilization of this resource in industrial applications is of great significance to sustainable development of human society and reducing dependence on dwindling fossil resources. Nevertheless, the extensive utilization of cellulose is actually warded off in that cellulose is extremely difficult to be dissolved owing to its enormous hydrogen bond network [4] [5] [6] [7] . As such, many efforts have been made to develop novel and efficient solvents of cellulose. The developed solvents include N-methylmorpholine-N-oxide, lithium chloride + N,N-dimethylacetamide, tetrabutyl ammonium fluoride + dimethyl sulfoxide, NaOH/ Thiourea, ionic liquids (ILs), and so on [8] [9] [10] [11] [12] [13] . Among the above solvents, the ILs receive increasing attention based on their unique properties such as negligible vapor pressure, non-flammability, high chemical and thermal stability, and strong dissolution ability for various organic and inorganic materials [14] [15] [16] [17] . The dissolution and processing of cellulose in ILs were firstly initiated by Rogers and coworkers in 2002. They found that 10 wt% of cellulose solubility in 1-butyl-3-methylimidazolim chloride could be obtained at 100 °C, and the cellulose solubility (25 wt%) was markedly improved via microwave heating 18 . Afterward, a number of anion/cation-functionalized ILs have been developed to reduce viscosity of ILs, improve dissolution capacity for cellulose or decrease cellulose dissolution temperature. The reported ILs include 1-allyl-3-methylimidazolium chlorides 19 alkylimidazolium carboxylates [20] [21] [22] [23] [24] [25] [26] , imidazolium dialkylphosphates 27 , choline amino acids/carboxylates 28, 29 , quaternary ammonium chlorides 30 , and tetraalkylammonium carboxylate 31 . By comparison, some imidazolium carboxylate ILs displayed better dissolution performance for cellulose including 1-butyl-3-methylimidazolim acetate and propionate ILs, 1-allyl-3-methylimidazolium acetate, propionate and butyrate ILs, and 1, 3-diallylmethylimidazolium acetate, butyrate, acrylate, methoxyacetate and ethoxyacetate ILs. However, it was noted that neat ILs are generally viscous, causing the difficult dispersion of cellulose in them. Accordantly, complete cellulose dissolution generally required long residue time or a rise in temperature which can give rise to a degradation of the ILs and/or cellulose. To overcome the issues, some more efficient cellulose solvent systems composed of IL and cosolvent have recently been developed. Among them are 1-butyl-3-methylimidazolium chloride
37 and 1-allyl-3-methylimidazolium acetate + PEG 38 . The solvent systems display lower dissolution temperature, higher cellulose solubility and lower viscosity than neat ILs.
This work aims to develop novel solvents which were expected to more efficiently dissolve cellulose than the solvents reported previously, and fabricate the cellulose material with varying morphologic structures using the solvents. Therefore, we here design novel solvents by combining [ COO]/NMP(R NMP = 0.50)/cellulose mixture was stirred until cellulose was thoroughly solubilized. Then, additional cellulose was added. The procedure was repeated until cellulose could not be solubilized. The thorough dissolution of cellulose was monitored by a polarization microscope. If cellulose was thoroughly dissolved, the mixture was optically clear under the polarization microscope. Cellulose solubility at 25 °C was calculated based on the amount of solvent and cellulose added. The cellulose solubility data at 25 °C were shown in Table 1 .
As an example, cellulose was dissolved in [A 2 im][CH 3 OCH 2 COO]/NMP(R NMP = 1) solvent to gain 1% of solution. The solution was poured in a Petri dish, taken off air bubble under vacuum for 30 min at ambient temperature. Then, the Petri dish containing the solution was immersed in distilled water to obtain cellulose hydrogel. The hydrogel was repeatedly washed with distilled water to remove [A 2 im][CH 3 OCH 2 COO] and NMP. The washed hydrogel was frozen for 8 h at −20 °C, and then freeze-dried in a FD-10 freeze-dryer (Henan Brother Equipment Co. Ltd., China) to obtain porous cellulose material. The material was named as PCM-1. PCM-3, PCM-5 and PCM-7 porous materials from 3%, 5% and 7% of cellulose solutions were prepared via a similar procedure to PCM-1, respectively.
13 c nMR and ftiR spectra measurements. Cellulose 37 , where DMSO, DMF and DMA represent dimethyl sulfoxide, N,N-dimethylformamide and N,N-dimethylacetamide, respectively. This indicates that the cosolvent effects the cellulose dissolution, which is consistent with the results reported previously [32] [33] [34] [35] [36] . In addition, it was found that absorbent cotton (viscosity-average degree of polymerization of 1586) could be dissolved in [A 2 im] [CH 3 OCH 2 COO]/NMP(R NMP = 2.43) solvent at 50 °C while it was very difficult to dissolve in conventional solvents. It was also observed that 5.2% cellulose solution is very viscous and difficult to be stirred (see Fig. S1 ). COO]/NMP(R NMP = 2)/cellulose(8%) solution, as the results of the interaction between the acidic H2, H4 protons and the hydroxyl oxygen atoms in cellulose through hydrogen bonding, the electron cloud density of the C2 and C4 atoms increased, leading to the upfield of their chemical shifts. Moreover, the hydrogen bond interaction between H2 proton and the hydroxyl oxygen in cellulose are stronger than that between H4 proton and the hydroxyl oxygen in cellulose. The carboxyl C10 atom demonstrates the signal considerably moved downfield (chemical shift increases significantly). This suggests that there's strong hydrogen bond formed between the carboxyl oxygen atom in [CH 3 
c nMR and ftiR analysis of cellulose dissolution mechanism.

OCH 2 COO]
− and the hydroxyl proton of cellulose. The electron cloud density of C10 atom thus decreases to move its chemical shift downfield. Meanwhile, strong interaction between the hydroxyl oxygen in cellulose and H6 atom leads to the upfield movement of the signal of C6 atom on allyl chain. Moreover, the electron cloud density redistribution may cause the upfield shift of C9 atom and downfield shift of C7 atom. In addition, O8 interacts with hydroxyl hydrogen atom through the hydrogen bond to increase the chemical shift of C8 atom. − with the hydroxyl hydrogen in cellulose. Moreover, it is also to note that observable chemical shift variations (0.27 ppm) for C1 atom of NMP are observed, indicating that the carboxyl O atom in NMP can interact with the hydroxyl H atoms of dissolved cellulose molecule by forming hydrogen bonds. This interaction can further prevent the dissolved cellulose chains from reformation of their inter-and intramolecular hydrogen bonds. Additionally, the signals of C2 (0.04 ppm), C3 (0.07 ppm), C4 (0.07 ppm) and C5 (0.02 ppm) atoms remain nearly invariable, implying that the H atoms bonded to the C atoms hardly have interactions with the cellulose hydroxyls.
Taken together, the cellulose dissolution could attribute to the H2, H4 and H6 atoms in Morphology and structure of the porous cellulose material. SEM images of the fracture surfaces of the porous cellulose materials PCM-1, PCM-3, PCM-5, and PCM-7 are shown in Fig. 3 . PCM-1 has a fluffy and porous structure which is composed of randomly oriented cellulose sheets, with the sheets being twisted and broken. Different from PCM-1, PCM-3, PCM-5, and PCM-7 exhibit long channel structures which were composed of adjacent sheets. This is an indication that the concentration of cellulose solution significantly affects the morphology of the cellulose material.
It is interesting to find that the morphologic structures of the cellulose materials prepared from 3-5% cellulose solution are quite similar to that reported by Xu et al. in which the porous cellulose material was prepared by As a comparison, we also prepared a cellulose film, and its SEM images are shown in Fig. 4 . As shown in Fig. 4 , the fracture surface of the film exhibits a homogeneous and dense structure. The morphology of the cellulose film is quite similar to those reported in the literatures 42, 43 . Figure 5 shows the XRD patterns of the original cellulose and regenerated cellulose film. It is indicated in Fig. 5 that the original cellulose displays the typical diffraction peaks of cellulose I at 2θ = 15.2°, 16.4°, 22.5°, 34.6°4 4 . In the meantime, the typical diffraction patterns of cellulose II are observed at 2θ = 12.5°, 20.3° and 21.2° for the regenerated cellulose exhibits 45 . This is indicative of a conversion from cellulose I to cellulose II. 
